Oceans are absorbing about one-third of the anthropogenic CO2 from the atmosphere, and 29 the excess CO2 leads to reduce the seawater pH, carbonate ion concentrations and saturation 30 states of biologically important calcium carbonate minerals. The ocean acidification affects many 31 calcifying organisms such as foraminifera. The present study assessed experimentally modified 32 ocean pH impacts on survival rate and shell morphology variation in three species of intertidal 33 benthic foraminifera. Foraminifera was collected from Parangipettai coastal waters, Tamilnadu, 34 India. Foraminiferal specimens were cultured for a period of five weeks at three different pH 35 treatments that replicated future scenarios of a high CO2 and low pH. The experimental results 36 revealed that reduction of seawater pH significantly affected foraminiferal survival and 37 morphology. Scanning Electron Microscopic observations revealed significant changes in 38 foraminiferal morphology with clear evidence of dissolution and cracking processes on the test 39 surface, and reduction in teeth structure in treatments with decreasing pH. Hence, altering the 40 seawater chemistry might have extensive impacts on benthic foraminifera. 41 42 43 44 45 46 47
(10 -15 specimens/ cm 3 of wet sediment). Approximately 100 cm 3 of mixed sediment was 117 placed in a series of 500 cm 3 filtering flasks, and these glass containers were filled up with 118 filtered natural seawater with ~ 33 ppt of salinity. Finally, 4500 living specimens were randomly 119 selected and transferred to foraminiferal culture chambers. Experiment duration was a five-week 120 period, and during the acclimation time the pH was reduced gradually until each treatment 121 reached its required pH levels/pCO2. Probes measuring pH and temperature continually 122 monitored four reservoir tanks. 123 2.3 Experimental setup 124 The seawater pH was continually manipulated by bubbling air with a known equivalent 125 atmospheric concentration of CO2 (approx. 380, 1000 and >1200 µatm) into three reservoir 126 tanks, separately. Therefore, the three selected pH levels of 8.1, 7.7 and 7.6 representing the 127 range of pH predicted for future scenarios in a high CO2 level. Seawater was continuously 128 pumped from the 400 L tanks into culturing chambers.
129
Seawater samples were taken from each mesocosm tank to measure the total alkalinity 130 (AT). Collected seawater samples were stored in borosilicate glass bottles (250 ml) and it 131 transferred to the laboratory. The total alkalinity concentration in seawater was analyzed by 132 using an automatic alkalinity titration kit (Metrohm, Switzerland) at room temperature (29ºC).
133
The measured values of salinity, temperature, pH and total alkalinity (AT) were used to calculate 134 the carbon system parameters such as dissolved inorganic carbon (DIC) pCO2, bicarbonate ions 135 (HCO3 -) carbonate concentration (CO3 2-) and saturation states of calcite (ΩCalcite) and aragonite 136 (ΩAragonite) version of the program CO2 Cal.
After completing the experimental period, all chambers were opened up and inserts were 138 removed and placed to a petri dish. All the foraminiferal samples were fixed and stained 139 immediately. Foraminifera was alive at the end of the experiment. Rose Bengal is a biological 140 stain that absorbs onto proteins which are major cytoplasmic components and stains them rose Seawater temperature (29 ºC) and salinity (33 ppt) were stable during the incubation 148 period. As a result of three different pCO2 treatments, the pH values ranged from 8.10 to 7.6 149 ( Table 2 ). The seawater total alkalinity ranged from 2240 to 2290 AT µmol kg -1 . Bicarbonate 150 levels increased with increasing pCO2 levels. The higher pCO2 treatment reduced the availability 151 of carbonate ion in experimental seawater. The important calcite Ωcalc and aragonite Ωar minerals 152 reduced with increasing levels of the pCO2 (Table 2) . (Table 1and Fig. 1 ). This is attributed to 157 the loss of specimens while transferring as well as the migration of specimens out the culturing 158 chambers. Survival rate was calculated as a percentage of the total number of surviving 159 individuals compared with the total number of retrieved individuals at the end of the experiment.
160
Foraminifera culture chamber was opened and specimens were categorized as live or dead based 161 on the rose Bengal staining. Any specimens that were inactive or contained no cytoplasm were 162 considered as dead. The low survival rate was observed at pH 7.6 ( Fig.1) , and it was least in A. 163 dentata among the three species. The highest survival rate was observed at ambient pH and pH 164 7.7 in all three species. The moderate survival rate was observed in pH of 7.6. appearance were cracking and dissolution on the individuals exposed to the lowest pH levels.
172
The foraminiferal specimens that were cultured at pH 7.7 and 7.6 showed the same cracking and 173 dissolution of the surface ornamentation. The reduced pH treatments affected the foraminiferal 174 folium part of the umbilical side and dissolved the chamber suture. More importantly, A. dentata 175 was observed to be moderately affected in two pH treatments on whorl suture and dissolved test 176 surface, and the cracked chamber was also found on the dorsal side of the species (Fig.2) . , 2016) . The present study also recorded higher test weight loss in A. dentata in pH 7.7 and pH 214 7.6 treatments.
215
The results revealed that all the three foraminiferal species when exposed to the higher 216 CO2 (pH 7.6) exhibited morphological deformations such as dissolution, rounding teeth, surface 217 cracking, dorsal and ventral side test dissolved, and these deformations might have affected the 218 survival of ferminiferans. This is accordance with White et al. (2013) 
Conclusion

237
The experimental study provides a detailed understanding of the negative effects on 238 survival rate, shell morphological changes in the benthic foraminifera in low pH experiment. The 239 changes in the carbonate chemistry of natural coastal environment will have similar effects to 240 this simulated in laboratory condition and hence, calcifying organisms will be more vulnerable to 241 the near future ocean acidification, as reiterated by the present study. 
